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[bookmark: _Ref513464071]Introduction
In the last RAN1 meeting, PRACH coverage enhancement was discussed [1]; the agreements from the meeting are captured in the Appendix. As can be seen from the agreements, RO group design has been completed. In this contribution, several other remaining issues for PRACH coverage enhancement are discussed.
Discussion
It was agreed in RAN1 to use SSB-RSRP thresholds to determine the number of PRACH transmissions at least for the first RACH attempt. Some companies have proposed to consider other parameters, e.g., power headroom, for the determination of the number of PRACH transmissions. The goal of some these proposals is to support maximum transmission power from the first transmission attempt. In our view, the benefit of such schemes is not very clear. Firstly, maximum transmission power may not be available due to limitations such as power class fallback. In addition, using maximum transmission power may cause power imbalance between the signals received from different UEs on the same ROs and gNB receiver performance may be impacted.
[bookmark: _Hlk142620406][bookmark: _Hlk134861791]Proposal 1: The number of multiple PRACH transmissions is determined solely by SSB-RSRP thresholds.
Another issue that needs to be discussed is how to handle PRACH retransmissions. On this topic, RAN2 has agreed to the following:
	RAN2 agreement: UE selects higher repetition number upon Msg1 retransmission when the number of Msg1 retransmission reaches a configured value. FFS whether we need to also check DL RSRP at the time of switching.


Based on the above agreement and following the current design, power ramping is applied to the retransmission of multiple PRACH transmissions. When the number of retransmissions reaches a configured value, a higher repetition number is selected for PRACH preamble transmission. 
Regarding the FFS point in the RAN2 agreement, we do not think it is necessary for the UE to check DL RSRP at the time of switching to a higher repetition number. Firstly, it is likely that the RSRP value does not change since the last time it is checked. Secondly, if the RSRP changes, one option is that the UE should follow the number of repetitions indicated by the new RSRP value and not increase the number of repetitions per the agreement above. The benefit of determining a new repetition number is not clear and results in a complicated UE behavior with more spec impact.
Proposal 2: UE does not check DL RSRP at the time of switching to a higher number of msg1 repetitions.

Conclusion
In this contribution, we have discussed a few of the remaining issues for PRACH coverage enhancement and proposed the following:
Proposal 1: The number of multiple PRACH transmissions is determined solely by SSB-RSRP thresholds.
Proposal 2: UE does not check DL RSRP at the time of switching to a higher number of msg1 repetitions.
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Appendix

Agreement
For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule.
Agreement
For a given number of N multiple PRACH transmissions, all the RO groups within a time period X are determined as follows:
· Firstly, the starting RO of the first RO group is determined, then its remaining ROs are determined. Next, the starting RO of other RO groups and its remaining ROs are determined sequentially. 
· the starting RO is determined as follows (down select only one of the Alt.):
· Alt.1 (w/o density control)
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
· Alt.2 (w/ density control)
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies.
· It is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions.
· the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and (down select only one of the Alt.) 
· Alt. 1 (the starting RB of ROs within a RO group is the same) the N-1 ROs are with the same starting RB as the starting RO.
· Alt. 2 (the starting RB of ROs within a RO group can be different) the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
· Alt. 3 (the starting RB of within a RO group can be different and a frequency offset is configured) the N-1 ROs are determined based on a configured frequency offset.
· Alt. 4 (the starting RB of ROs within a RO group can be different), the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.
Agreement
Add the following notes to the above agreement:
Note1: “the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.” is illustrated as in the following figure (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination.
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Note2: all the ROs mentioned in the agreement are valid ROs associated with the given same SSB(s) and all the RO groups mentioned in the agreement are RO groups consisting of valid ROs associated with the given same SSB(s).
Note3:  of an RO, frequency resource index of an RO, and the starting RB of an RO indicate the same meaning, i.e., locate in the same frequency position.
Conclusion
For multiple PRACH transmissions with the same Tx beam, the two transmission power determination equations (just for reference: equation (1) and (2) as shown in the reference) of Rel-17 NR PRACH are reused for calculating the transmission power of each PRACH transmission, i.e.,
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
Note: The following is for reference.
	For reference:
The power control formula of NR PRACH consists of the following two steps:
Step 1: Calculate the receive target power of one single transmission. 
PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep   (1)
Step 2: Calculate the transmission power of single transmission.
P_PRACH = min{P_CMAX(i), PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm] (2)



Agreement
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
Agreement
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers, support 
One common K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
Agreement
For a given number of N multiple PRACH transmissions, the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, to determine the remaining N-1 ROs:
the N-1 ROs are with the same starting RB as the starting RO.
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